and in the lower and middle mesosphere [Bevilacqua et al., 1990; Connor et al., 1994] .
We report here ozone profile measurements during the Parrish et al. [1992] , and a more general presentation of the microwave technique appeared in the work of Parrish et al. [1988] . Some results from the 3-year series of microwave measurements at Table Mountain have appeared in the work of Parrish et al. [1992] , Connor et al. [1994] , and Tsou et al. [1995] . 
Error Analysis

Definitions
The following analysis is an application of the formulation of Rodgers [1990] . The Rodgers error analysis has previously been applied to a variety of middle-atmosphere ozone measurements [NASA, 1988; Connor and Rodgers, 1989; Marks and Rodgers, 1993] , and the present results may be directly compared with those.
We first define the quantities to be derived.
The radiometric measurement is defined by
where y is the measured spectrum; F is the true forward function;
x is the true ozone profile; b is a set of parameters such as the temperature profile and line strength, which are not to be retrieved; and ey is the measurement error. The retrieved profile _ is given by Case 1 other remote sensing problems.
The following is a variant of the Rodgers procedure for forward-model errors.
We define the temperature sensitivity matrix
Measurement Error
We assess the effect of errors in the spectral measurement (the third term on the right-hand side of (5)) by a procedure similar to that used on the forward-model and calibration Figure  4a ).
L:
' ._.i¸. 55 mbar, both because the ozone signal decreases rapidly at lower altitudes and because the remaining signal is not fully contained in the instrument band pass. Third, the relative effect of noise in the lower mesosphere is much less at night, simply because there is more ozone and thus more signal.
Finally, the improvement in precision obtained by making a day-long measurement instead of a 20-min measurement is quite small. This is due to two factors. As mentioned above, the spectral errors do not decrease with time as expeCted theoretically but much more slowly. Also, precision and resolution are not independent but may be exchanged one for the other by adjustments to the retrieval parameters [Brillet, 1989] . Our operational retrieval is geared to improve the resolution as the spectral signal-to-noise ratio improves.
We shall see in section 2.5 that the resolution is significantly better for the daily average measurements.
Because the spectral errors are uncorrelated, we must also consider the off-diagonal elements of Sm. Figure 4b . From these, we see that the characteristic errors between 55 and 0.2 mbar are oscillatory in nature, with length scale of roughly a factor 3 in pressure and amplitude about 2%.
Resolution
The rows of the matrix A defined by ( Figure 5b shows the resolution, so defined, for both the daily average and the single observations. The resolution of the daily average measurement is in the range 8-10 km between 55 and 3 mbar and increases to 17 km at 0.2 mbar. A(x m -Xa) , where x m is the high-resolution measurement, and compares the result to 6a and 6b) . Figure  6c shows an intermediate case where 70% of the information comes from the real profile and 30% from the a priori.
Alternatively, we may rewrite (12) as Eigenvalue=0.91 of the a priori may be gained by examining (I -A)jxa/.ffj, where (I -A)j is the jth row of (I -A) . This quantity is shown in Figure 7 . It may be seen that the contribution of the a priori to the retrieval, defined in this way, is typically 5%. Figure 7 . Relative contribution of the a priori to the daily average retrieval, as defined in the text. 
Net Error and Discussion
Fraction of Standard Profile
Net precision (dashes) and accuracy (solid). tion of water vapor and temperature with height, which would allow proper modeling of the tropospheric emission. High vertical resolution would not be required since the quantity of interest is the total opacity. It is worth investigating the feasibility of using ground-based infrared measurements for this purpose.
Finally, the instrument baseline can become a significant source of error at altitudes below about 10 mbar and, furthermore, one which is very difficult to estimate. While during a short campaign such as STOIC, when the instrument is left undisturbed and observing conditions are not too variable, this error will be roughly constant (and so has been considered "fixed" here), it will most certainly not be constant in general. We believe the primary cause of the problem in the present system to be reflections from the window of the receiver dewar, and we are investigating use of a flexible window mount which could be moved so as to vary the reflection phase randomly and thus minimize the residual baseline structure.
Stratospheric Ozone Intercomparison
Campaign (STOIC) Results
The microwave measurements from STOIC are presented in Figures 9 and 10 . These are the blind data, as submitted to the coordinator during the campaign. As discussed by Margitan et al. [this issue], the revised microwave data set was only slightly different, and the two sets are equivalent for all practical purposes. Figure 9 shows a typical profile, for July 30, with error bars representing the absolute accuracy from Table 1 . Figure 10 is a contour plot of profiles for the entire period. This figure reiterates the observation of Margitan et al. that there was very little real variability in the middle to upper stratosphere during the campaign and shows that the same conclusion applies in the lower and middle mesosphere. (Note that only nighttime data are included in the STOIC data set to make measurements by the various instruments as nearly simultaneous as possible. Inclusion of daytime measurements would reveal a pronounced diurnal variation above 1 mbar [Connor et al., 1994 ].) Figure 11 shows the percent difference of the microwave measurements from the STOIC reference profile [Margitan et al., this issue], along with error bars indicating the total accuracy. At all altitudes the error bars overlap zero difference. Considerable caution is needed in interpreting this plot, both because the microwave measurements are themselves included in the reference and because the composition of the reference changes with height. Nevertheless, some observations are worthwhile. First, comparisons of the microwave data to the STOIC reference are most meaningful between 20 and 32 or 33 km simply because, in that range, there are approximately twice as many independent measurements included as at higher altitudes (because of the three series of sonde flights). Above 35 km the reference is dominated by the lidars and the microwave itself (since there were relatively few Stratospheric Aerosol and Gas Experiment (SAGE II) and ROCOZ measurements); indeed above 45 km, where the Goddard Space Flight Center (GSFC) lidar made only a few measurements, the microwave accounts for roughly 40% of the measurements in the reference. The
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